Background It has been proposed that time spent sitting increases all-cause mortality, but evidence to support this hypothesis, especially the relative effects of various sitting activities alone or in combination, is very limited.
Introduction
Sedentary behaviours, conventionally defined as activities that do not increase energy expenditure above the resting level of 1.0-1.5 METs (metabolic equivalents) or as reclining postures, include activities such as sitting, lying down, watching television, writing and reading. [1] [2] [3] Time spent sitting during work and leisure has increased considerably with modern technological advances in transportation, the workplace and entertainment. 4 An effect on disease status of time spent in sedentary behaviours, such as sitting, is unlikely to be due to confounding from time spent engaged in moderate to vigorous physical activity, as large cohort studies have shown no association between leisure sitting time and physical activity. 5, 6 A cross-sectional study of 11 037 adults showed that time sitting for television or computer use was not correlated with time spent in physical activity. 7 Individuals can achieve high levels of moderate to vigorous physical activity while spending the remainder of the day being sedentary. 1 Recently, results from a meta-analysis of several cohort studies suggested that prolonged television (TV) viewing was associated with an increased risk of the incidence of cardiovascular disease, 8 type 2 diabetes and all-cause mortality. 9 In addition to TV watching, people usually spend additional time doing other sitting activities at leisure, such as reading, listening to music, relaxing, using a computer or playing video games. 10 Although evidence suggesting deleterious effects of prolonged sitting on premature mortality has been growing, most previous studies have focused on only one type of sitting behaviour, thus failing to address the problem more broadly. Sitting behaviours have different energy expenditure levels, depending on other activities performed simultaneously while sitting. 3 Moreover, the association between sitting and mortality across different racial/ethnic groups that may have different activity patterns 6, [11] [12] [13] [14] [15] [16] has rarely been examined, although a recent study compared Whites and African Americans. 5 Our goal was to examine the association between total sitting, time spent in specific sitting behaviours (watching TV, doing other leisure activities, in a car or bus, at work and at meals) and mortality (all-cause and cause-specific) in a multiethnic population, adjusting for physical activity and other potential confounders. We also examined possible interactions with other factors, including age and ethnicity, as well as different types of physical activity and sedentary behaviours.
Methods

Study population
The design and characteristics of the Multiethnic Cohort Study (MEC) have been described in detail elsewhere. 17, 18 In brief, the MEC was established between 1993 and 1996 in Hawaii and California, USA, to examine the association of lifestyle factors with the risk of cancer and other chronic diseases in diverse populations. More than 215 000 men and women, aged 45-75 years, comprising mainly five racial/ ethnic groups (African American, Latino, Japanese American, Native Hawaiian and White) were enrolled by completing a 26-page mailed questionnaire. The study was approved by the institutional review boards of the University of Hawaii and the University of Southern California.
In the current analyses, we excluded 13 989 participants who did not self-identify as one of the five major racial/ethnic groups, and 8263 participants with implausible dietary data based on total energy intake or its components. We further excluded subjects with missing data on hours spent sleeping (n ¼ 6308), spent in any physical activity (n ¼ 10 461) or spent in two or more of the sitting activities (n ¼ 3578). We also excluded subjects with missing data on height or weight (n ¼ 2318) or smoking history (n ¼ 5149). Additionally, men and women who reported a personal history of cancer, heart attack or stroke at baseline (n ¼ 30 590), and participants who died within the 1st year after cohort entry (n ¼ 530) were excluded. Finally, a total of 134 596 men and women were included in this analysis.
The excluded subjects were very similar to the analytical sample on median follow-up time, body mass index (BMI), energy intake, hours spent sleeping per day and prevalence of smoking. On the other hand, the excluded subjects were older (by 4.9 years on average), consumed somewhat more fruits and vegetables, drank an average of 2.0 fewer grams of alcohol per day, were more likely to have a history of hypertension and/or diabetes and were less likely to have a college education. These factors are adjusted for in our analysis.
Ascertainment of mortality
Deaths among MEC participants were identified through linkage to death certificate files in Hawaii and California, which were augmented through periodic linkages with the National Death Index in the USA. Causes of death were classified according to the International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10). Specific causes of death were grouped into three categories: cardiovascular disease (ICD-9 codes 390-434, 436-448; ICD-10 codes I00-I78), cancer (ICD-9 codes 140-208; ICD-10 codes C00-C97), and all other causes. Up to 31 December 2007, a total of 19 143 deaths were identified during an average 13.7 years of follow-up.
Measures of time spent in sitting and physical activity In our baseline questionnaire, we ascertained sedentary activities (sleeping and five types of sitting) on a 24-h basis, and three categories of physical activity on a weekly basis. The full questionnaire can be viewed at (http://www.crch.org/multiethniccohort/ index.htm). Sitting activities included: 'sitting in a car or bus', 'sitting at work', 'sitting at meals', 'sitting watching television' and 'other leisure sitting activities (such as reading, playing cards, sewing)'. Each sitting activity was asked in seven categories: 'never', '<1 hour', '1-2 hours', '3-4 hours', '5-6 hours', '7-10 hours', and '11 hours or more' per day. Total daily sitting was the sum of the midpoints of the specific sitting categories, using 0 for 'never', 0.5 for '<1 hour', 1.5 for '1-2 hours', 3.5 for '3-4 hours', 5.5 for '5-6 hours', 8.5 for '7-10 hours' and 11 for '11 hours or more'. The analysis was also performed using the Pareto Curve 19 to assign the midpoint for the openended category of 11 h or more, to account for differences in patterns by sitting activities. Results were unchanged and are not shown.
Vigorous and moderate physical activities included: 'strenuous sports (such as jogging, bicycling on hills, tennis, racquetball, swimming laps, aerobics)', 'vigorous work (such as moving heavy furniture, loading or unloading trucks, shovelling, weight lifting or equivalent manual labour)' and 'moderate activity (such as housework, brisk walking, golfing, bowling, bicycling on level ground, gardening)'. Each type of physical activity was asked in eight categories: 'never', '30 minutes-1 hour', '2-3 hours', '4-6 hours', '7-10 hours', '11-20 hours', '21-30 hours' and '31 hours or more' per week. Light physical activity was estimated by subtracting the total time spent in all activities (sitting, physical activity and sleeping) from 24 h. The metabolic equivalents (METs) for physical activity per week were computed using the following formula: 20 [(Number of hours in moderate activities Â 4.0) þ (Number of hours in vigorous work and in strenuous sports Â 7.2)]. In a validation study, the correlation for energy expenditure based on the MEC activity questionnaire and the gold standard of doubly-labelled water was reasonable (r ¼ 0.31) 21 and comparable to those reported in the literature using other instruments.
22,23
Statistical analysis
Cox proportional hazard models, with age as the time metric, were used separately for men and women. Observation started at cohort entry, and exit time was defined as the date of death or at the end of follow-up (31 December 2007), whichever occurred earlier. Sitting variables were parameterized as indicator variables representing three categories of duration. Trend tests were conducted by inclusion of a continuous variable in the model assigned the median value for the appropriate category of sitting. Because smoking is a strong risk factor for early death, we carefully adjusted for this variable using a complex time-dependent model previously developed for a study of tobacco use and lung cancer incidence. 24 Multiple imputation was used for hours of sitting activities when only one type was missing, so that total sitting time could be computed for these individuals. The percentage missing data for sitting behaviours was: 1.6% for sitting watching TV; 1.6% for sitting in other leisure activities; 2.1% for sitting in a car or bus; 6.6% for sitting at work; and 0.3% for sitting at meals. The missing values were imputed by the Markov Chain Monte Carlo method based on education, age, ethnicity and smoking status and intensity. Five imputation data sets were created and the results were aggregated across data sets using standard multiple imputation methods. 25 All hazard ratios presented in this report were derived from the multiple imputation method. We began with a minimally adjusted model consisting of race/ethnicity, age at cohort entry (5-year age groups) to further account for any cohort effects, and educational level (less than college, and college graduate or higher) as strata variables, in addition to the adjustment for smoking. In the fully adjusted model, we made additional adjustment for the following potential confounders: prevalent diabetes and/or hypertension at baseline (yes or no), energy intake divided at the median (2184 Kcal/day for men and 1747 Kcal/ day for women), alcohol intake divided at the median (2.8 g/day for men and 0 g/day for women) and physical activity (METs/week by sex-specific quartiles). Fully adjusted models for duration of sitting by type also mutually adjusted for hours spent in all other sitting behaviours as trend variables. Global and pairwise comparisons from competing risk models were used to examine whether the hazard ratios associated with sitting were similar across causes of death. 26 Sensitivity analysis was performed by excluding men and women who died within 5 years from the initial date of follow-up. We also ran the analysis for individual sitting activities, including all cohort members with data, to determine the influence of the exclusions which produced similar results (data not shown). We further stratified the analysis of sitting and mortality by several factors: age, racial/ethnic group, education level, diabetes and/or hypertension, smoking status, BMI, vigorous and moderate physical activity, light physical activity, fruit and vegetable intake and sleep duration. As in other similar studies, 5, 9 BMI, which may be a mediator of the effect of prolonged sitting on mortality, was not included as an adjustment variable. Because detailed current employment status was not asked for in the baseline questionnaire, to minimize the effect of classification bias of employment status, we restricted the' sitting at work' analyses to subjects who reported at least some time spent sitting at work, which included 45 115 men and 51 180 women.
The effects on mortality for different types of sitting activities were compared in a model including total hours of sitting per day, as well as the proportion of total sitting contributed by each of five sitting activities. This model is called the differential effects model in this paper. A global Wald test was used to compare the parameters for proportion in each sitting activity, allowing us to compare different sitting activities, adjusting for total sitting time. The joint effects of different sitting activities were then examined in pairwise fashion. Interaction was assessed by a Wald test of the cross-product terms of the proportions contributed by the two sitting activities being considered, grouped into three categories. This avoided the detection of an interaction between sitting activities due solely to the increase in total sitting time.
Analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
Characteristics of the study subjects Table 1 shows the distributions of the study participants on several demographic and exposure characteristics by sex and race/ethnicity. Whites, Japanese Americans and Latinos comprised about 20-30% each of our study population, followed by African Americans (15%) and Native Hawaiians (7.5%). The mean age at cohort entry was 58.7 and 58.5 years in men and women, respectively. Among the five ethnic groups, both in men and women, African Americans were less physically active, were more likely to be current smokers and had a higher prevalence of hypertension and/or diabetes. Whites and Japanese were more likely to have a college education than other ethnic groups, among both men and women. Table 2 compares men and women on the various sedentary behaviours by several subgroup strata. Time spent sitting watching TV was similar between the sexes. Women reported longer durations for sitting doing other leisure activities and at work, whereas men spent more time sitting in a car or bus. For both sexes, African Americans spent more time on average sitting watching TV, whereas Whites and Japanese spent more time sitting at work. On average, men and women who were older, had less education, had higher BMIs, were more likely to be current smokers, were less physically active and consumed fewer fruits and vegetables spent more time sitting watching television. Men and women who had higher BMIs also spent more time sitting in a car or bus and sitting at work. Younger men and those with more education spent longer durations sitting at work. Men and women with higher energy intakes sat longer at meals (data not shown).
Total daily sitting time and mortality
In the fully adjusted model, total daily sitting was not associated with all-cause mortality, cardiovascular disease mortality or cancer mortality for men, but there was a suggested increase in 'all other causes' mortality (Table 3) . Among women, total daily sitting of 10 h per day or more was associated with an increased risk for all-cause mortality (Hazard Ratio (HR) 1.11, 95% Confidence Interval (CI) 1.04-1.19) compared with <5 h/day. There was also an increased risk of mortality from cardiovascular disease and from 'all other causes' among women that was markedly different from the null association for mortality from cancer [P's for heterogeneity <0.01 (global and all pairwise)].
Time spent in specific sitting categories and mortality Table 4 shows the associations between mortality and sitting duration, by type of sitting. The associations with all-cause mortality were statistically different between sitting types based on the differential effects models (P < 0.01 for both men and women). Sitting watching TV had a stronger effect than did other sitting behaviours both in men and women (P < 0.001 for all paired comparisons).
For time spent 'sitting watching TV', the HRs for allcause mortality in the highest exposure level were 1.19 (95% CI 1.10-1.29) among men and 1.32 (95% CI 1.21-1.44) among women for the fully adjusted model (Table 4) . 'Sitting in a car or bus' and 'sitting at work' were not associated with the risk of mortality, whereas 'sitting in other leisure activities' and 'sitting at meals' showed a pattern similar to that for 'sitting watching television'. In further analysis, when men and women who reported 'zero' 'hours sitting at work' were included in the analysis in the reference group, those sitting 55 h/day hours at work (vs <1 h/day including zero) and younger than 65 years at baseline had reduced risks of all-cause mortality [men: HR 0.88 (95% CI 0.81-0.95); women: HR 0.86 (95% CI 0.79-0.94)], but no associations were observed among men and women aged 65 and over (P for interaction <0.001 both for men and for women). In general, the associations by cause of mortality were similar to overall mortality, although they varied somewhat in magnitude. However, the HRs for sitting watching TV, in other leisure activities and at meals were the lowest for cancer for both men and women (P for heterogeneity <0.01).
In stratified analyses, for time spent sitting watching television (Table 5) , the HRs for the highest exposure category (sitting watching TV 5 5 h/day) were generally increased (HR41) for all subgroups. Nevertheless, many of the P-values for interaction were less than 0.01, reflecting differences in strengths of the associations across subgroups. The exceptions where the HRs were not elevated were the Japanese American subgroup in men and women, and the underweight (BMI < 18.5) among men, which may be a chance finding due to the small numbers of deaths. In stratified analyses for time spent sitting at work, 'sitting at work' was not associated with mortality in either men or women in any stratum defined by age (<65 y and 565 y) or by educational METs for moderate activity, vigorous work and strenuous sports. *P-value < 0.001 in every subgroup comparison. The test of heterogeneity across causes of death was performed using a Wald test from competing risk models, where each cause was a different event.
e Restricted to subjects reporting any time sitting at work. Hazard ratios were calculated with age as the time metric, adjusted for following variables but the relevant variable: 5-year age groups at cohort entry, education, ethnicity, history of hypertension or diabetes at enrolment, alcohol consumption, energy intake, physical activity (METs per week for moderate activity, vigorous work and strenuous sports), trend of hours for other sitting behaviours, and smoking history by inclusion of the following variables: [smoking status, average number of cigarettes, average number of cigarettes squared, number of years smoked (time dependent), number of years since quitting (time dependent), and interactions between ethnicity and the smoking variables].
b Test for interaction was based on the Wald statistics for cross-product terms between median values of each category of sitting watching television and stratified variables.
c METs for moderate activity, vigorous work and strenuous sports.
d Light physical activity estimated by subtracting the total time spent in all activities (total sitting, physical activity, and sleeping) from 24 h.
level (lower than college vs college or graduate school) that may reflect type of employment (data not shown).
The patterns of the associations by specific cause of death were generally similar to those of the broader causes of death categories shown in Table 5 , although more time spent sitting watching TV was associated with mortality from prostate cancer in men (HR 1.39 (55 h/day vs <1 h/day), P for trend <0.01) (supplementary data available at IJE online).
In our sensitivity analysis excluding men and women who died within 5 years of follow-up, the findings were basically unchanged, though some of the HRs comparing 55 h/day of sitting watching TV vs <1 h/day were somewhat weakened: all-cause, HR 1.14 (95% CI 1.04-1.25) for men and HR 1.30 (95% CI 1.18-1.43) for women; cardiovascular, HR 1.15 (95% CI 0.98-1.34) for men and HR 1.37 (95% CI 1.16-1.63) for women; 'all other', HR 1.12 (95% CI 0.96-1.32) for men and HR 1.46 (95% CI 1.23-1.73) for women.
Joint effect of different sedentary behaviours on mortality
Since several sedentary behaviours were associated with increased mortality, we examined whether combinations of prolonged sitting activities augment the risk of mortality. Table 6 gives the hazard ratios for all-cause mortality by duration spent sitting watching TV and in other sitting activities, with the statistical test for interaction based on the differential effects model. As expected, longer durations spent sitting watching TV coupled with sitting longer in other behaviours led to stronger associations with mortality among both men and women. The only combination that led to an increased risk above that expected was sitting watching TV and sitting at meals.
Discussion
In this large cohort study, sitting 510 h/day, compared with sitting <5 h/day, was associated with an increase in all-cause mortality of 11% for women, but no association was seen for men. However, among both men and women, all leisure-time sitting activities were associated with an increased risk, and the risk was strongest with TV watching. The observed increased risk of all-cause mortality among participants sitting watching TV 55 h/day was 19% in men and 32% in women, compared with watching TV <1 h/day. Sitting 53 h/day vs <1 h/day in other leisure sitting activities or at meals was also associated with 6-7% and 22% increased risks of allcause mortality, respectively, among both men and women.
An association between total daily sitting and all-cause mortality was examined in three previous cohorts. 5, 13, 27 In two studies, risks were increased by 19% (59 vs <3 h/day) 5 and 45% (511 vs 0-< 4 h/day) 27 for all-cause mortality among healthy men and women who were between 50 and 71 years old 5 or older than 45 years, 27 respectively. Another study, which included men and women aged 18-90 years who had cancer or heart disease, showed an increased risk of 1.54 ('sitting almost all the time' vs 'almost none'), which may have been inflated due to prior disease. 13 There is a lack of consistency in the literature in the categories used for analyses of sitting time, which certainly could have contributed to inter-study differences in the strengths of the observed associations. The subjects in the present study were somewhat older at the time the information on sitting duration was collected than those in other studies which have reported higher HRs than ours. 13, 27 In contrast to the studies that examined total daily sitting, there are several prior prospective studies that examined time spent sitting watching TV. 5, 6, 11, [14] [15] [16] Results from a meta-analysis of three prospective studies, including Whites only, showed a 13% increase in the risk of all-cause mortality for every 2 h of TV watching. 9, 11, 14, 16 In three additional cohort studies, all-cause mortality was increased between 17% (56 vs <2 h/day) and 61% (57 vs <3 h/day) among men and/or women who sat the longest watching TV 5, 15 or in leisure time generally, including watching TV. 6 Sitting while watching TV has been associated with unhealthy eating, such as higher intake of high-fat and high-calorie foods, energy-dense drinks and lower consumption of fruit and vegetables. 28 In contrast, although not specifically focused on watching TV, a recent report suggested that sedentary leisure time behavior was an independent cardiovascular disease risk factor, regardless of snacking habits and physical activity. 29 In our study, increased risk of mortality with longer durations of sitting watching TV was observed across levels of diet, smoking and physical activity. It appears unlikely that reverse causality due to undiagnosed diseases inflated the risks in the current study, since the association between mortality and sitting watching TV was observed even after excluding deaths that occurred up to 5 years after entry into the study.
In this study, hazard ratios of all-cause mortality according to daily hours of sitting were weaker in men than in women, largely due to the stronger association between sitting watching TV among women. Previous cohort studies have shown inconsistent results by sex for sitting watching TV: one showed similar results to ours, 6 another found no difference by sex 16 and a third found stronger associations in men than in women. 15 It is possible that men and women behave differently while sitting watching TV in terms of eating, MET level of sedentary activity or number of breaks in sedentary activity.
Some studies showed that prolonged leisure sitting increased cardiovascular mortality after adjustment for various confounders, including physical activity, 5, 6, 11, 16 which is consistent with our finding. A cohort study of Japanese men and women reported on mortality from specific cardiovascular disease and found that mortality from ischaemic heart diseases (51%) and from cerebrovascular diseases (21%) was increased among men who sat longer than 4 h/day watching TV (vs <2 h/day), whereas there was no association among women. 15 This is in contrast to our results that found elevated risks for these causes among men and women.
The relationship between sedentary behaviour and cancer mortality has been inconsistent, with some studies showing no association, 11, 13, 16 and some larger studies finding increased cancer mortality associated with longer sitting duration watching TV, 5 or time spent at leisure. 6 Our study also found a weak elevated risk of total cancer mortality associated with sitting watching TV, but not with overall sitting. Associations for mortality from specific cancers and sitting watching TV were similar, although a stronger risk with increased sitting was observed for prostate cancer. Results from a prospective study conducted in Japan suggested that risks for some cancers were increased in persons who sat longer watching TV: liver cancer among men and women, lung cancer among men and non-Hodgkin's lymphoma among women. 15 We found no association of longer sitting at work with all-cause mortality. We did not collect information on specific sitting activities at work, and it is possible that work-related sitting activities contribute to a greater energy expenditure compared with other types of sitting activities. Reported estimates range from 1.5 METs (sitting for light office work) to 2.5 (sitting for moderate work), which are higher values than for other sitting activities such as sitting watching TV (1.3), sitting riding in a car or a bus (1.3) and sitting for eating (1.5). 3 Although some previous studies examined the relation between mortality and occupational physical activity based on job category, [30] [31] [32] no prior prospective studies, to our knowledge, have examined the independent role of occupational sitting on mortality in a general population sample. However, longer occupational sitting was correlated with a higher prevalence of overweight and obesity among 1579 full-time employed men and women after adjustment for age, sex, occupation category and physical activity in a cross-sectional study. 33 A challenge in studying the relation of occupational sitting and mortality is controlling for socioeconomic status (SES) and health behaviours, since people of higher SES tend to have healthier lifestyle behaviours and to show a lower risk of mortality, although they also are more likely to work in sedentary occupations.
Increased risk for all-cause mortality with time spent sitting watching TV was consistent among subgroups defined by age, education, diabetes/hypertension prevalence, smoking status, BMI, physical activity and diet. All ethnic groups except Japanese Americans also showed an increased risk for allcause mortality with time spent sitting watching TV. Previous cohort studies from Japan showed that men who were most sedentary had an increased risk for all-cause mortality, whereas being sedentary was not related to mortality among women. 12, 15 It is possible that Japanese Americans might behave differently while watching TV compared with other ethnic groups, in such as taking more breaks or doing light activities while watching TV. This speculation should be examined in further studies.
Strengths of our study included the prospective design, large number of subjects, racial/ethnic diversity and ability to control for many potential confounders, including physical activity. Because of the large sample size and number of deaths, we were able to conduct stratified analyses. Also, since we had collected information on several types of sitting behaviour, we were able to examine the effect of each one separately.
However, a limitation is our reliance on self-reported sedentary behaviours. Questionnaires used to assess physical activity and sedentary behaviours in largescale epidemiological studies are known to contain substantial errors. 34 Also it is possible that the time categories provided on the questionnaire were too broad to categorize individuals' activities well. Validation of the MEC activity questionnaire was done by comparison of its estimate of energy expenditure with that from doubly-labelled water. We are unable to validate sitting times specifically using this technique. However, as sitting activities occupy an average of 47% of the time in a typical day in our population, it seems unlikely that good agreement on total energy expenditure would be seen without agreement on total sedentary/sitting time or if the duration categories were too broad to distinguish activities. We also compared the responses to this questionnaire with those to another study conducted by direct interview and administered at about the same time to several overlapping participants. The interviewers were trained to probe about different types of activities to ensure a full day was covered, so the level of enquiry was more intense. We found reasonable agreement between responses on sitting activities between the two separate methods. Therefore, indirect evidence points to the sitting times being reasonably accurate, with total sitting time likely to be complete.
Another limitation of this study is that we did not assess details about current employment status at baseline, factors which would affect the association between sitting at work and mortality. A weak inverse relation between hours sitting at work and all-cause mortality was found among men and women younger than 65 years at baseline when those who reported 'zero' hours sitting at work were included in the reference group, suggesting a healthy worker effect where those who have work longer at sedentary jobs are healthier and at lower risk of death. Therefore, in an effort to minimize classification bias of employment status, we included only subjects who reported some sitting time at work in that analysis. Although we were able to adjust for many potential confounders, such as smoking, education, physical activity and other sitting activities, we cannot rule out the possibility that residual confounding could lead to biased results, due to unknown confounders or imprecise adjustment, such as for SES.
Previous reports suggested that resting can suppress lipoprotein lipase activity in skeletal muscle, [35] [36] [37] resulting in metabolic consequences such as dyslipidaemia, insulin resistance, hypertension and obesity. [38] [39] [40] [41] [42] In addition, survey results have shown that leisure sitting time increased an average of 15 min/day from 2003 to 2009 in the USA, 10 but that physical activity levels did not increase over the same period. 10, 43 More research is essential on not only how to increase physical activity but also how to reduce the amount of leisure sitting time, 5, 6 and on whether the pattern of sitting makes a difference. 44 Intervention studies to reduce and to break up sedentary time are reported to be effective in reducing total sedentary time and increasing energy expenditure, 45, 46 and in decreasing postprandial glucose and insulin levels. 47 It seems likely that future investigations which incorporate both self-reports and device-based measures will improve assessments of time, postures and energy expenditure associated with various sitting activities. 34, 48, 49 In conclusion, we found that longer time spent sitting, especially sitting watching TV, was associated with an increased risk of all-cause and cardiovascular disease mortality, but not of cancer mortality, after adjusting for physical activity and several other potential confounders. The association with sitting watching TV was consistent in men and women; in Whites, African Americans, Native Hawaiians, and Latinos; and in individuals at different BMI and physical activity levels. Interestingly, longer sitting at work or in a car or bus was not associated with increased mortality risk. Our results suggest that the amount of time spent in voluntary sitting should be limited.
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